. Thorax, 31,[419][420][421][422][423][424]. Bacterial precipitins and their immunoglobulin class in atopic asthma, nonatopic asthma, and chronic bronchitis. In a study of groups of patients with atopic (extrinsic) asthma, non-atopic (intrinsic) asthma, and chronic bronchitis, no difference could be detected in the numbers having precipitating antibodies against species specific antigens from Staphylococcus aureus or Streptococcus pneumoniae compared to suitably matched control subjects. Precipitating antibodies against species specific antigens from Haemophilus influenzae, demonstrated in this investigation by double diffusion in agar gel, were found much more frequently in patients with chronic mucopurulent or obstructive bronchitis (50%) than in either asthmatic subjects (6%) or normal controls (6%) (P= <00005). While the precipitating antibody demonstrated in these patients against the extracts of Str. pneumoniae and Staph. aureus was in the IgG class alone, IgM and IgA antibody were detected against the species specific but not the non-species specific antigens of H. influenzae. These results underline the importance of H. influenzae as an infecting agent in chronic bronchitis and suggest that the finding of precipitins against the species specific H, and H. antigens of this bacterium denotes infection either concurrently or in the recent past. There is no evidence to suggest from this study that infection with Staph. aureus, Str. pneumoniae or H. influenzae is any more common in asthmatics as a group compared to controls or between patients with the non-atopic (intrinsic) and atopic (extrinsic) form of the disease.
The interpretation of the pathogenic role played by bacteria isolated from sputum in respiratory disease is difficult and often misleading because specimens may be contaminated by bacteria resident in the pharynx and mouth. In an attempt to overcome this difficulty indirect methods such as the demonstration of agglutinins or precipitins against bacteria have been used to indicate present or past infection. Such methods have suggested that Haemophilus influenzae and Streptococcus pneumoniae are the common and important infecting organisms in chronic bronchitis and bronchiectasis while other bacteria such as Klebsiella pneumoniae, Escherichia coli, and Proteus vulgaris are rarely involved (Burns and May, "Present address: Department of Medicine, St. Thomas' Hospital, London SE1 1967; Burns 1968a and b; Nicholls, Pease, and Green, 1975) . Similarly precipitating antibodies against antigens from Staphylococcus aureus have been found with increased frequency in patients with cystic fibrosis as well as bronchiectasis (Burns and May, 1968) . Bacterial infection is thought to play an important role in certain cases of asthma, particularly those described as intrinsic (Williams et al., 1958; Hampton, 1965) though there is little evidence to support this claim. Knowledge of the particular immunoglobulin class of antibody against both bacterial and viral antigens is of importance in clinical practice since the finding of antibody in the IgM class has been taken as evidence favouring recent infection, while the finding of IgG antibody alone has been considered to imply past contact (Burgin-Wolff, Hernandez, and Just, 1971; O'Neill and Nichol, 1972) . 419 R. J. Davies, V. C. Holford-Strevens, 1. D. Wells, and J. Pepys
The purpose of this investigation was to compare the distribution of precipitating antibody against species specific antigens from H. influenzae, Str. pneumoniae and Staph. aureus in patients with atopic (extrinsic) asthma, non-atopic (intrinsic) asthma, and chronic bronchitis and to define its immunoglobulin class. In this report comparison was made with carefully matched control groups, and a simplified method was used to demonstrate precipitins against species specific antigens from H. influenzae.
MATERIAL AND METHODS

PATIENTS
The characteristics of the patients are shown in Table I . Atopic and Non-atopic Asthma All the subjects were attending hospital outpatients at the time of the study, none having asthma of sufficient severity to necessitate inpatient therapy. All had evidence on at least one occasion of reversible airways obstruction, defined here as a 15% or more increase in forced expiratory volume in one second (FEV,) or peak expiratory flow rate (PEFR) after the inhalation of 200 jig of salbutamol.
Asthma has been divided into extrinsic and intrinsic groups on a basis of whether or not a known external allergen provokes airway obstruction together with the presence or absence of positive immediate skin tests (Rackemann, 1931; Rackemann, 1947) . Without the aid of bronchial provocation challenge testing it is difficult to be certain that a particular allergen causes the patient's asthma (Davies, 1974) . For this reason the asthmatic subjects in this study were divided solely on a basis of skin prick testing with a battery of 23 common inhalant and food allergens. Atopic asthmatics were those showing one or more positive immediate skin reactions to these allergens while the non-atopic asthmatics had no such positive skin tests (Pepys, 1973 south-east London. All were healthy and none gave a history of chronic bronchitis, asthma, rhinitis or eczema. All subjects in groups I and II were tested with a battery of 23 common allergens and were screened for the presence of blood eosinophilia.
BACTERIAL EXTRACT'S The particular bacterial extracts used in this study were species specific and chosen to correspond with those employed by other investigators (Burns and May, 1967; Burns, 1972 (Pepys et al., 1973) in which the antigenic extracts were subjected to electrophoresis in agar gel followed by development of precipitin arcs using patients' sera. influenzae are considered to be the major respiratory tract pathogens, other bacteria may be important infective agents in asthma. Despite the fact that there is no evidence favouring more frequent infection with these bacteria in groups of asthmatic subjects, this does not necessarily mean that they are not important in the development of particular episodes of reversible airway obstruction, possibly through hypersensitivity mechanisms. Extracts of killed bacteria such as Neisseria catarrhalis and H. influenzae have been shown to lead to airway narrowing on bronchial provocation testing (Hampton, 1965; van der Zwan, Orie, and de Vries, 1975) . Fifty per cent of the patients with chronic mucopurulent or obstructive bronchitis had precipitating antibody against species specific antigens from H. influenzae. This figure is considerably higher than that found in either of the control groups (6%) or the asthmatic groups (8% and 6%), and is in close agreement with previous findings in both this country and Australia (Burns, 1972) . Precipitating antibody against species specific H. influenzae antigens was demonstrated in these patients by the much simpler and more sensitive technique of double gel diffusion rather than the standard method of immunoelectrophoresis. In the present study all the sera from the patients with chronic bronchitis were tested by both double gel diffusion using the species specific H1 and H2 antigens as well as by immunoelectrophoresis; there was a close agreement between the two methods, confirming the work of Davies et al. (1974) .
Previous investigations of the presence of precipitins against Str. pneumoniae extracts have indicated a higher prevalence of these antibodies in the serum of patients with chronic bronchitis compared to control subjects (Burns, 1968a (Burns, , b, 1972 . Although in the present study 53% of the patients with chronic bronchitis showed precipitins compared to 36% of the subjects in control group I, comparison with a control group better matched for age and smoking habit showed identical results. Of the subjects in control group II, 53% had precipitins against the extract from Str. pneumoniae, the same antigen that was used in the original study by Burns (1968a, b) . This difference can probably be explained by the fact that in the previous studies blood bank sera were used as controls, rather than sera taken from carefully matched and analysed control subjects. The role played by Str. pneumoniae in chronic bronchitis is not clear, though it is generally considered to be a pathogen in acute exacerbation of bronchitis where rising titres of agglutinating antibody against pneumococcal bacteria have been found in some patients (Nicholls et al., 1975) . The evidence from this study, at least in terms of precipitating antibody against a pneumococcal extract, suggests that infections with Str. pneumoniae are no more common among chronic bronchitics than control subjects of similar age and smoking habits.
Precipitating antibody against a teichoic acid from Staph. aureus was found in 78% of the 50 control subjects in group I and in 73% of the subjects in control group II, agreeing very closely with previous studies which have shown that precipitins were present in 79% of normals but increased to almost 100% in infected subjects (Martin, Daugherty, and White, 1965) . The patients with asthma and chronic bronchitis in this study had a similar prevalence of precipitins against this antigen compared to controls, casting doubts as to whether Staph. aureus is an important infecting agent in these particular respiratory diseases.
Only antibody of IgG class could be demonstrated by the technique of radioimmunoelectrophoresis against teichoic acid from Staph. aureus and the extract from Str. pneumoniae, except in one patient where IgA antibody to Str. pneumoniae was shown. The presence of IgG antibody provides evidence of previous contact with these bacteria. Although levels of IgG antibody may rise during acute infection (Martin et al., 1965) the absence of IgM antibody suggests that it is unlikely that recent infection with Staph. aureus or Str. pneumoniae had occurred in these patients.
IgM antibody, however, was demonstrable by this technique against species specific antigens from H. influenzae in the patients with chronic bronchitis, underlining the pathogenicity of this bacterium in this disease. Of considerable interest was the fact that in this study IgM antibody could be detected only against the species specific H1 and H2 antigens of H. influenzae and not against the non-specific H3, H4, and H5 antigens. Rising titres of agglutinating antibody almost certainly in the IgM class have been demonstrated against H. influenzae organisms during exacerbation of chronic bronchitis (Nichols, 1975, personal communication) . These findings help to explain the preliminary observations by Gregg and co-workers that specific precipitins were demonstrable for only a few weeks in the serum of patients with mild chronic bronchitis following transient Haemophilus infections (May et al., 1973) . Further, it has been noted that precipitating antibody against the H1 antigen disappears after a few months from the serum of patients with advanced chronic bronchitis where infection has been eradicated by chemotherapy (Jenne et al., 1970) . The fact that some of the antibody against the species specific H1 and H2 antigens of H. influenzae is in the IgM class adds weight to the statement by 
